Inorganic phosphate release, [Pi], is often measured in an enzymatic reaction in a high throughput setting. Based on the published mechanism, we designed a protocol for our screening for inhibitors of SAICAR synthetase (PurC), and we found a gradual increase in [Pi] in positive control samples over the course of the day. Further investigation indicated that hydrolysis of ATP catalyzed by PurC, rather than substrate-related phosphate release, was responsible for a partial contribution to the signals in the control samples. Thus substrate-independent ATPase activity may complicate high throughput screening.
mM Tris buffer at pH 8.0 with 100 mM NaCl, 1 mM MgCl 2 , 0.01% Triton, and 0.1 mg/mL BSA (Assay Buffer). Each sample well contained purified BaPurC [12] (0.5 µM), L-Asp (2.4 mM), ATP (40 µM) and a specific compound (29 µM) from a small-molecule library (ChemBridge). The compounds were in DMSO, and the DMSO final concentration in the sample was 0.3%. About 40 plates were prepared and screened per day. For each plate, just prior signal detection, the reactions were initiated with the addition of the critical substrate CAIR (20 µM) and allowed to react for 6 min at 25 °C, followed by the addition and 10 min incubati on of Malachite Green dye. The Malachite Green solution was either prepared according to published methods [13, 14] , or purchased (BioAssay Systems; POMG-25H).
The absorbance values at 633 nm of samples in each well were read with a plate reader (Tecan Infinite 200 Pro microplate reader; University of Illinois at Chicago RRC HTS facility), and converted to [Pi] with a calibration curve. We also included positive controls in 32 wells that contained no compound, and negative controls in 32 wells that contained no BaPurC. The overall Z'-factor of the completed runs was 0.85, validating the quality of the assay [16] .
In our data analysis, an unexpected trend was noticed. The signals of the positive controls (BaPurC and substrates) did not stay constant during the 8 hr time period each day; instead they steadily increased (Fig 1) . The signals of the negative controls (no BaPurC) stayed relatively constant. The reaction scheme is shown in Fig 2 (inset) . The results suggested that the signals (Pi concentrations) were not from non-enzymatic ATP hydrolysis, but from a slow enzyme-catalyzed ATP hydrolysis. Intrinsic ATPase activity has been well characterized in protein kinases and is not a new phenomenon [17] [18] [19] [20] , but would be the first study of this activity in a PurC enzyme.
To further investigate this possibility, samples and controls mimicking HTS conditions were prepared. Set A samples in Assay Buffer consisted of BaPurC (0.5 µM), ATP (40 µM) and L-Asp (2.4 mM). After the samples were incubated to 1, 4 or 8 h at 25 °C, CAIR (20 µM) was added and incubated for 6 min, followed by Malachite Green addition and incubation for 10 min. Set B samples were similar to Set A samples except that CAIR was replaced with buffer, i.e. no CAIR in samples. Set C samples consisted of CAIR (20 µM), ATP (40 µM) and L-Asp (2.4 mM). After the samples were incubated to 1, 4 or 8 h at 25 °C, BaPurC (0.5 µM) was added and incubated for 6 min, followed by Malachite Green addition and incubation for 10 min. Set D samples were similar to Set C samples except BaPurC was replaced with buffer, i.e. no BaPurC in samples. The absorbance values at 630 nm were obtained with a plate-reader (Perkin-Elmer Victor 3 V 1420 multilabel counter), and converted to the Pi concentrations with a calibration curve.
Results from samples in Set A showed an increase in [Pi] as a function of time, from ~7 µM at t = 1 hr, to ~19 µM at t = 8 hr (Fig 2) , similar to those observed in HTS. In the absence of CAIR (samples in Set B), [Pi] increased from ~3 µM at t = 1 hr, to ~15 µM at t = 8 hr. When BaPurC was added just shortly before measurement (samples Set C), a relatively constant [Pi], at ~7 µM, was observed. For samples without the enzyme (Set D), a relatively constant [Pi], at ~ 3 µM, was observed. Since 40 µM ATP was present in the reaction samples, we expect that the signals in samples in Sets A and B will continue to increase beyond 8 h, until all ATP is converted. Tuntland 
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Our findings also support our recent proposed mechanism showing that PurC indeed catalyzes ATP hydrolysis to allow a phosphate relay between ATP and conserved Glu residues to activate CAIR [3] .
In HTS measuring enzyme activities that involve multiple substrates and co-factors, the decisions on when to introduce which substrates and co-factors to the reaction mixture may be complicated. A logical approach is to design protocols based on published mechanisms. However, as shown in this study, these protocols still need to be carefully tested to provide data that can be meaningfully analyzed. As indicated in recent publications, HTS data sets often have inherent systematic and random error, which may lead to false-positive or falsenegative results, and the diversity of the features of different enzymes prevents unification of assay conditions [21] [22] [23] . Among many protocols, the assay mixture and blank preparation and the choice of the assay time are crucial to avoid frequent and trivial but costly errors [23] .
In this report, we point out potential problems in detecting [Pi] in systems where ATP was a co-factor and not a substrate. Control samples should include samples detecting potential enzyme induced ATP hydrolysis. To our knowledge this is the first detailed analysis showing the pitfall of substrate-independent ATPase activity in PurC systems, and we caution others to take similar enzymatic event into consideration in future experimentation. Anal Biochem. Author manuscript.
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